Abstract: The pharmacokinetics of oxytetracycline in 2-yr-old loggerhead sea turtles (Caretta caretta) after single i.v. and i.m. injections were studied for biologic marking and therapeutic applications. Twenty juvenile turtles were divided into two treatment groups. Ten animals received 25 mg/kg of oxytetracycline i.v. and 10 received the same dosage i.m. Plasma oxytetracycline concentrations were analyzed by reverse-phase high-performance liquid chromatography. Data from the i.v. route best fit a three-compartment model, whereas noncompartmental analysis was used to compare data from both the i.v. and i.m routes. For the i.v. route, means for maximum plasma concentration, terminal phase half-life, systemic clearance, and apparent volume of distribution at steady state were 6.6 g/ml, 66.1 hr, 290.7 ml/hr/kg, and 18.4 L, respectively. For the i.m. route, means for systemic availability, maximum plasma concentration, and elimination half-life were 91.8%, 1.6 g/ml, and 61.9 hr, respectively. The remarkably high apparent volume of distribution may possibly be associated with a deep compartment of drug disposition such as bone deposition associated with the large skeletal mass of turtles and the fact that these were well-nourished, growing juveniles. Although maximum plasma concentration by i.m. administration was lower than for the i.v. route, the long elimination time indicates that an infrequent dosing interval may be effective for sensitive bacteria.
INTRODUCTION
Oxytetracycline has long been used as a biologic marker to label bone for aging and other studies. 7, 10, 12 Like other tetracyclines, oxytetracycline is incorporated into mineralizing tissue, including bone, teeth and otoliths, and fluoresces under ultraviolet light, making it possible to detect in cross sections those parts of the structure that were min-eralizing at the time of administration. The fluorescent oxytetracycline band can be used to establish a known point in the osseous timeline to determine whether or not subsequent growth marks are annual. This procedure has been performed with sea turtle humeri to validate the use of skeletochronology for aging estimates but with some debate over effects of noncyclic events, extended periods in stable tropical environments, and bone-remodeling patterns on formation and retention of annuli. 1, 4, 20 Although an oxytetracycline dose effective in marking sea turtle bone has been published (25 mg/kg i.m.), 1, 4, 20 the pharmacokinetics of that dose have not been established in any sea turtle species.
Along with its application in skeletal marking, oxytetracycline has been used as an antimicrobial medication for decades. This drug has been used in sea turtles, although safe and effective antibacterial dosage regimens are poorly established for many reptiles, including sea turtles. Most dosage regimens are empirical and are based on extrapolations from other species. Differences in antibiotic disposition by reptiles and by mammals, and even by different species of reptiles, makes cross-species extrapolation unreliable. 18 Pharmacokinetic studies on four antimicrobial drugs and one anthelmintic drug, ceftazidime, florfenicol, itraconazole, fluconazole, and praziquantel, respectively, have been reported for sea turtles. 17, 22, 29, 30 Ceftazidime and fluconazole are excreted by the kidneys primarily by glomerular filtration in mammals, 26, 31 and these drugs exhibited prolonged plasma half-lives in sea turtles as compared with mammals, although there was considerable difference between their elimination rates in sea turtles. The plasma half-life for ceftazidime was determined to be 20 hr and a q 3 day dosing regimen was recommended, whereas for fluconazole it was 132 hr and a q 5 day dosing regimen was recommended. Oxytetracycline is also excreted by glomerular filtration in the kidneys in mammals. 26 In American alligators (Alligator mississipiensis), therapeutic serum concentrations were still present 7 days after dosing at 10 mg/kg i.m. 14 Thus, there was good reason to suspect that therapeutic concentrations of oxytetracycline could also be maintained for a comparatively long period in sea turtles. Prolonged therapeutic concentrations would make it useful as a presurgical prophylactic antibiotic for applications in which wild sea turtles are captured for research purposes, are released shortly after the surgical procedure (e.g., laparoscopic sexing 2 or fat biopsy 19 ), and are not available for repeat doses. Sea turtles so treated would also have been bone marked for potential skeletochronology study in the event of postmortem recovery at a later date, resulting in a dual-purpose use of single oxytetracycline treatments.
Oxytetracycline has activity against such gramnegative bacteria as Vibrio spp., Pseudomonas spp., and Aeromonas spp., 26, 31 which are often associated with morbidity and mortality of sea turtles. 8 Resistance can be problematic though, particularly with Staphylococcus spp., Streptococcus spp., Pseudomonas spp., Escherichia coli, Klebsiella spp., Bacteroides spp., Enterobacter spp., and Proteus spp.
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Oxytetracycline is also active against Nocardia spp., Chlamydia/Chlamydophila spp., Rickettsia spp., Mycoplasma spp., and spirochetes. 5, 26, 31 Of these, a Nocardia sp. has been reported as an opportunistic pathogen in a hypothermic-stunned Kemp's ridley sea turtle (Lepidochelys kempii). 11 Similarly, a Chlamydia sp. was reported to cause epizootic mortality in juvenile green sea turtles (Chelonia mydas) in aquaculture. 16 Although not yet reported in sea turtles, rickettsial and mycoplasmal organisms have been increasingly reported from aquatic species (e.g., Piscirickettsia spp. in fish 23 and Mycoplasma alligatoris in crocodilians 3, 27 ) and may eventually be found as sea turtle pathogens. This study examines oxytetracycline pharmacokinetics after single i.v. and i.m. dose injections in juvenile loggerhead sea turtles (Caretta caretta) to characterize effective clinical dosing regimens. This application, along with oxytetracycline's biologic marker characteristic, makes the drug a good candidate for application in sea turtles.
MATERIALS AND METHODS

Subjects and sample collection
Twenty 2-yr-old juvenile loggerhead sea turtles at the National Marine Fisheries Service, Galveston Laboratory, were studied in August 2002. Before the drug trial, each animal was weighed to the nearest 20 g, measured in straight carapace length (SCL) and straight carapace width (SCW) to the nearest centimeter, examined visually, and bled for packed cell volume and total solids determination. As previously described, 15 turtles were housed individually in circular vinyl-coated wire mesh cages, 76-cm diameter by 45-cm water depth, lined with high-impact sytrene sheeting. Cages were suspended in 5,775-L raceways, 14 per raceway. Seawater was pumped from the Gulf of Mexico, filtered through well points, and particulates were allowed to settle out before adding water to the raceways. Water was changed 100% daily in the morning. The water temperature was 28.5-30.0ЊC. Turtles were fed Purina Aquamax Grower 500 3/16-inch floating pellets (PMI Nutrition International, LLC, Brentwood, Missouri 63116, USA) at 1% of body weight per day divided into two daily feedings.
The turtles were evenly divided into two groups of 10 in each of two raceways, with experimental protocols commencing on two different days to facilitate sampling. Within each raceway group, the 10 turtles were divided in alternating order into i.v. and i.m. treatment groups of 5 each, for a total of 10 turtles in each i.v. and i.m. treatment groups. Each animal received a single dose of oxytetracycline (Liquamycin LA-200, Pfizer Animal Health, Exton, Pennsylvania 19341, USA; 25 mg/kg) by way of a 22-ga needle attached to a 3-ml syringe. Intravenous doses were administered in the left cervical sinus, and i.m. doses were injected into the left deltoid muscle.
Blood collection sites alternated between right and left dorsal cervical sinuses (external jugular veins) at Ϫ24 hr before and 0.5, 1.5, 3, 6, 12, 24, 48, 96, 120, and 240 hr after injection. One additional untreated turtle in raceway 1 and one additional untreated turtle in raceway 2 were sampled at 72 and 48 hr, respectively, to assess potential for uptake of excreted oxytetracycline from the water. Approximately, 0.5 ml of blood was collected each time using a 3-ml syringe with a 22-ga needle. The syringe and needle interiors were rinsed before use with 0.1 ml of 1,000 IU/ml sodium heparin solution (Elkins-Sinn, Inc., Cherry Hill, New Jersey 08003, USA) as an anticoagulant. Blood was placed into polyethylene microcentrifuge tubes (Fisher Scientific Company, Pittsburgh, Pennsylvania 15219, USA), which were capped and immediately submerged in ice water. The blood was then centrifuged to harvest approximately 0.3 ml of plasma, which was placed in cryovials using micropipets. The tubes were capped and stored at Ϫ20ЊC until high-performance liquid chromatography (HPLC) analysis.
Oxytetracycline analysis
Plasma samples were analyzed for oxytetracycline by adapting an HPLC method developed for analysis of doxycycline. 6 HPLC conditions: Oxytetracycline was eluted with a mobile phase consisting of 70% distilled water, 20% acetonitrile, and 10% methanol. To each liter of mobile phase, 6.84 g of oxalic acid was added (0.1 M). The mobile phase was filtered and degassed before use. The mobile phase flow rate was 1.0 ml/min, and oxytetracycline was detected at a wavelength of 350 nm. The column temperature was kept at a constant 40ЊC.
Preparation of plasma calibration curve: Stock solutions of 1 mg/ml oxytetracycline were prepared by dissolving a pure reference standard of oxytetracycline in distilled water. These stock solutions were kept refrigerated in a tightly sealed vial. Spiking solutions for the calibration curve were prepared by diluting the stock solution with distilled water to produce solutions of 1,000-2.5 g/ml. To 90 l blank (unfortified) plasma, 10 l of the spiking solution was added to produce nine calibration plasma samples containing 10.0-0.0195 g/ml. Plasma obtained from turtles before treatment was used as a blank. A new calibration curve was prepared for each day's samples. For the calibration curve to be accepted, it had to be linear with an r 2 value of at least 0.99, and the calibration standards had to be backcalculated to within 15% of the true value.
Preparation of plasma samples: The samples from the study as well as the calibration plasma samples were prepared by mixing 100 l of plasma with 100 l of a releasing agent that consisted of 20% acetonitrile, 2% phosphoric acid, and 78% distilled water, vortexed for 10 sec. This admixture was pipetted into 10,000 nominal molecular weight limit centrifugal filter units (Ultrafree-MC Centrifugal Filter Units, Millipore Corp.) vortexed briefly and centrifuged for 30 min at 14,000 rpm at room temperature. The clear filtrate was transferred to an HPLC injection vial and 50 l was injected onto the HPLC column.
Calculations from the assay: With these conditions, the retention time for elution of oxytetracycline was approximately 2.7 min. Unknown concentrations were calculated from the response milliaborbance units (mAU) using the calibration curve.
Replicates of spiked plasma samples were analyzed to measure precision and accuracy. Replicates of blank plasma samples from untreated animals were used to determine the limit of detection (LOD). The LOD was defined a priori as three times the baseline noise. The limit of quantification (LOQ) was approximately 0.02 g/ml.
Pharmacokinetic analysis
Plasma drug concentrations after i.v or i.m. administration were plotted semilogarithmically for analysis. Analysis of curves and pharmacokinetic modeling were performed using a commercial pharmacokinetic program (WinNonlin Version 4.0, Pharsight Corporation, Mountain View, California 94040, USA). A weighting factor of 1/(predicted Y) 2 was used for pharmacokinetic analysis, where Y is the plasma concentration.
For the i.v. data, compartmental pharmacokinetic analysis was performed. The most appropriate pharmacokinetic compartmental model was determined by visual examination of the curves produced by predicted models, by using Akaike's information criterion (AIC), in which the best model is determined to be the one with the lowest (minimum) AIC, 33 and by examination of residual plots. AIC was calculated by an equation that takes into account the weighting factor, the residual sum of squares (SS), and the number of parameters in the model. It favors the simplest model when the residual SS are similar between two models. After it was determined which model was the best fit for the data (i.e., mono-, bi-, or triexponential function), elimination rates, half-lives, and intercepts were determined from exponents and coefficients of the best fit to an equation using weighted nonlinear least squares regression analysis.
The general form for the formula for a multicompartment analysis was
where C is the plasma concentration, A n is the yaxis intercept, e is the base of the natural logarithm, n is the number of compartments, t is time after dosing, and n is the rate constant. For the twocompartment, biexponential model, the corresponding equation was
where C is the plasma drug concentration at time t, A and B are the y-axis intercepts for the distribution and elimination phases of the curve, respectively, ␣ and ␤ are the rate constants for the distribution and elimination phases of the curve, respectively, and e is the base of the natural logarithm.
The elimination half-life (t ½ ) is estimated from the relationship: t ½ ϭ ln 0.5/rate constant. The corresponding equation for a three-compartment model was
where C is the plasma drug concentration at time t, A, B, and C are the y-axis intercepts for the first and second distribution phases and elimination phase of the curve, respectively, and ␣, ␤, and ␥ are the rate constants for the first and second distribution phases and elimination phase of the curve, respectively. Other compartmental pharmacokinetic parameters are calculated according to published formulae. 9 For the i.m. data, there was not a unique compartmental model that was consistent for analyzing these concentrations. Therefore, concentrations from the i.m. dose were analyzed using noncompartmental analysis (NCA). For the purpose of making comparisons of parameters between i.m. and i.v. administration, the i.v. data also were analyzed using noncompartmental methods.
The area under the plasma concentration versus time curve (AUC) from time 0 to the last measured concentration (defined by the LOQ) was calculated using the log-linear trapezoidal method. The AUC from time 0 to infinity was calculated by adding the terminal portion of the curve, estimated from the relationship Cn/z, to the AUC 0-Cn , where is the terminal slope of the curve, and Cn is the last measured concentration point. Values for the maximum plasma concentration after dosing (C 0 for i.v. or C MAX for i.m.) and time to maximum plasma concentration (T MAX ) were taken directly from the data.
Mean residence time (MRT) was calculated from the area under the moment curve from zero to infinity (AUMC) and AUC. For the i.v. dose, apparent volume of distribution using the area method (VD AREA ), apparent volume of distribution at steady-state (VDss), and systemic clearance (CL) were calculated according to published methods. 9 Systemic availability (%F) from the i.m. dose was calculated from the following formula: %F ϭ AUC IM /AUC IV ϫ 100. Clearance and apparent volume of distribution corrected for absorption, CL/F and VD AREA /F, respectively, also were calculated from the i.m. data.
Pharmacokinetic estimates from the single-dose study were used to simulate a multidose regimen (WinNonlin 4.0). 9 Target minimum plasma concentrations in the multidose simulation were 4, 2, and 1 g/ml, representing the minimum inhibitory concentration (MIC) at which microorganisms reportedly pathogenic to sea turtles are generally considered susceptible, and two lesser concentrations were demonstrated to be effective for more susceptible microbes. 13, 31 The multidose simulations were not tested experimentally.
Statistical differences between i.m. and i.v. groups in weight, length, packed cell volume (PCV), total solids (TS), and noncompartmental pharmacokinetic parameters C MAX (i.m.) or C 0 (i.v.), elimination rate constant, CL, AUC, VD, and MRT were tested by Student's t-test for independent samples (JMP, SAS Institute, Cary, North Carolina 27513, USA). Potential effects of weight on pharmacokinetic parameters (C MAX or C 0 , CL, AUC, VD, and MRT) were tested for i.m. and i.v. groups separately by least squares linear regression. The level of significance was P Ͻ 0.05.
RESULTS
The mean turtle weight was 7.98 Ϯ 0.78 kg, with a SCL of 39 Ϯ 1.4 cm and SCW of 32 Ϯ 1.2 cm. The mean packed cell volume was 27 Ϯ 2.8%, and mean total solids was 19 Ϯ 2 g/L. There were no differences between treatment groups in weight, SCL, SCW, PCV, or TS (P Ͼ 0.05). No abnormalities were noted on physical examination, and no adverse effects were noted with respect to injection site, flipper movement, activity, or food consumption during the course of the investigation.
Oxytetracycline HPLC analysis provided a rapid and sensitive method for measuring concentrations using a small volume of plasma. The calibration curve was linear from 0.0195 to 10 g/ml. All the samples measured in this study were above the LOQ. The precision and accuracy of the assay were within acceptable limits. No oxytetracycline was Table 1 . detected in the plasma of untreated controls sharing the raceways with treated sea turtles. The results of the plasma analysis are shown in Figure 1 and Tables 1-3. The absorption from the i.m. injection was high as shown by the rapid and high peak concentrations. The mean systemic availability was 91.8%. The compartmental analysis for i.v. data (Table 3 ) produced a three-compartment model for nine animals as the best fit. In one animal (C19) the best fit was with a two-compartment model. Only those values that corresponded to the three-compartment model were averaged with the others in Table 3 . One animal (C7) clearly was an outlier as shown by the long terminal half-life. There were two terminal points for this animal's curve that produced a shallow slope, resulting in an extremely long half-life. The data from this animal were not averaged with the other nine. Table 2 shows the results from a NCA of the i.v. and i.m. data in which assumptions of one, two, or three compartments were not made. Data from animal C7 and C19 were not considered outliers in this analysis (although their values made up the extreme ends of each range), and their data were averaged with the other animals.
MRT (62.75 Ϯ 5.58 hr for i.v., 70.02 Ϯ 5.25 hr for i.m.; P ϭ 0.077) was significantly different between i.m. and i.v. groups. The initial plasma concentrations (C MAX for i.m. 1.57 Ϯ 0.30 g/ml; and C 0 for i.v. 5.50 Ϯ 1.00 g/ml) were significantly different between treatments, but this may have been caused by the route of administration. Parameters exhibiting no significant difference were AUC, CL, and VD. Though CL and VD from the a C 0 , initial plasma concentration (i.v.); AUC, area under the plasma concentration vs. time curve; VD AREA , apparent volume of distribution using the area method; CL, systemic clearance; AUMC, area under the first moment curve; MRT, mean residence time; VDss, apparent volume of distribution at steady state; T MAX , time to maximum plasma concentration; and C MAX , maximum plasma concentration (i.m.); Kel, elimination rate constant; VD/F, volume of distribution (area method) corrected for systemic availability; CL/ F, systemic clearance corrected for systemic availability. non-i.v. route are calculated as CL/F and VD/F, respectively, they were compared with the i.v. route in this analysis because nearly complete absorption was assumed (that is, the value of F approached 100%.) Although the MRT difference was statistically different between routes of administration, pharmacokinetically the difference was minor. Within the size range of turtles used in this study (6.40-9 .12 kg), weight did not correlate with any of the noncompartmental pharmacokinetic parameters analyzed (least squares linear regression, P Ͼ 0.05) except for a loose positive correlation with MRT in the i.m. group (R 2 ϭ 0.56, P ϭ 0.013). The T MAX for i.m. administration was 1.0 Ϯ 0.53 hr.
Simulation of multidose protocols designed to achieve minimum plasma concentrations of 1 or 2 g/ml resulted in dosing regimens of 41 mg/kg i.m. loading dose followed by 21 mg/kg i.m. q 72 hr and 82 mg/kg i.m. loading dose followed by 42 mg/ kg i.m. q 72 hr, respectively (Fig. 2) . The dosing regimen to achieve minimum plasma concentrations of 4 g/ml required a loading dose of 150 mg/kg i.m. (not shown).
DISCUSSION
The HPLC assay described was reliable and accurate. The assay had a sufficiently low detection limit that could accommodate the low volume of plasma (100 l) used, and it would also be suitable for smaller animals. All the concentrations measured in this study were above the minimum LOQ.
No adverse effects were noted with a single 25 mg/kg i.v. or i.m. dose of oxytetracycline in these twenty loggerheads. However, oxytetracycline at 10 mg/kg i.m. q 5 days in a single Kemp's ridley turtle treated for Nocardia sp. was associated anecdotally with ventral erythema and skin exfoliation after 2 wk, which resolved after discontinuing oxytetracycline. 11 The compartmental analysis produced a threecompartmental model for the i.v. administration, except for one animal (C19). The three-compart- ment model is difficult to rectify physiologically, but it probably represents a rapid and slow distribution phase and a slower terminal elimination phase from a deep compartment. The high apparent volume of distribution also was indicative of a very deep compartment. The apparent VDss measured here was greater than 18 L/kg. This is not likely to be an aberrant calculation from the compartmental analysis because the NCA produced almost the same value. In domestic animals, the VDss is reported to be from 1 to 2 L/kg, except for one study in veal calves in which a VDss was reported to be greater than 18 L/kg. 24, 28 Interestingly, in the veal calf study, the investigators also identified an extended terminal phase from a three-compartment pharmacokinetic analysis. This third phase had a half-life of 93 hr in calves. The authors proposed that the extended terminal phase could be due to continued absorption from an injection depot, which can be ruled out here for the i.v. study, slow release of oxytetracycline from deposition in bones, or enterohepatic recycling. We suspect that the slow elimination in loggerheads is more likely related to slow metabolic rate and renal clearance for tetracycline in reptiles, as has been shown to occur with other drugs. 21 ,25, 29 The deep compartment indicated by the high VDss likely represents bone deposition, reflecting the large skeletal mass of chelonians and the fact that these were well-nourished growing juveniles. Bone deposition is one of the characteristics that makes oxytetracycline useful for validating aging by skeletochronology. 1, 4, 20 In this study, the terminal elimination phase of oxytetracycline had a mean half-life of 66 hr after i.v. administration. This corresponded well with the terminal half-life calculated from the noncompartmental analysis, which was 64 and 62 hr from the i.v. and i.m. administration, respectively. In other respects, too, the compartmental analysis differed little from the noncompartmental analysis. Values for clearance, VDss, MRT, and total AUC were very close. The advantage of the compartmental analysis was that it allowed us to identify that there is a third, deep compartment, from which there is slow elimination in these turtles. The compartmental analysis also allowed us to identify intercompartmental rate constants used for dosing simulations.
The noncompartmental pharmacokinetic analysis showed that there is little difference between i.m. and i.v. administration of this formulation of oxytetracycline in loggerhead sea turtles. Except for the The dosing regimen is 41 mg/kg i.m., followed by 21 mg/kg every 72 hr, i.m. C MAX in this simulation is 1.8 g/ml; C MIN is 0.97 g/ml. B. Simulation of plasma concentrations of oxytetracycline designed to maintain minimum concentration (C MIN ) above 2.0 g/ml. Dosing regimen is 80 mg/kg i.m. followed by 42 mg/kg every 72 hr, i.m. C MAX in this simulation is 3.58 g/ml; C MIN is 1.93 g/ml.
higher initial C 0 from the i.v. route compared with the C MAX from the i.m. route, these routes of administration are nearly interchangeable from a pharmacokinetic point of view. Higher initial plasma concentrations are expected from the i.v. route because it produces high instantaneous plasma concentrations without relying on uptake from the injection site. There is some divergence at the terminal portion of the curve (Fig. 1) between the i.v. and i.m. doses, but this difference is minimal. The variability of this time point was high (Table 1) because of variation caused by a few animals. Because Figure 1 is represented on a semilogarithmic axis, small differences at low concentrations are visually exaggerated. The bioavailability from the i.m. injection was almost complete (Ͼ90%), with rapid absorption (short T MAX ). Elimination rates were essentially the same from the i.m. compared with the i.v. administration. Because this is a bacteriostatic drug, the therapeutic benefit derives from a long duration of drug plasma concentration above the MIC (T Ͼ MIC), rather than from a brief duration at a higher plasma concentration (C MAX ). Therefore, the long elimination from either route of administration is an advantage that should allow for long intervals between injections.
The only other report that we could identify in which oxytetracycline pharmacokinetics have been studied in reptiles was in alligators. 14 In that study, there were mean terminal half-lives of 74 and 131 hr after i.v. and i.m. administration, respectively. There appeared to be a more sustained slow release from i.m. injection in alligators. The major difference between alligators and loggerhead sea turtles was that the apparent volume of distribution in alligators was only 0.2 L/kg and the clearance was only 0.007 L/kg/hr. The corresponding values from loggerheads in this study were Ͼ18 L/kg and 0.29 L/kg/hr, respectively. More rapid clearance may indicate differences in metabolism or elimination between these two species. Clearly, it supports the premise that all reptiles should not be assumed to be identical when extrapolating pharmacokinetic data. 18 We did not test the multidose simulations derived from single-dose pharmacokinetics. The dosing regimen required to achieve a minimum plasma concentration of 4 g/ml was judged excessive for practical use, with a loading dose of 150 mg/kg i.m. Although 4 g/ml is the MIC at which microorganisms are generally considered susceptible, 31 lower sustained concentrations may suffice for susceptible organisms as determined by MIC sensitivity testing or for certain types of pathogens such as chlamydial or mycoplasmal organisms. 5, 14 The loading doses of oxytetracycline determined here by simulation to achieve 2 g/ml (80 mg/kg i.m.) or 1 g/ml (41 mg/kg i.m.) minimum plasma concentrations for 3 days are comparable with the dose of 50-100 mg/kg s.c. q 2-3 days determined by a pharmacokinetic study in cockatoos to maintain 1 g/ml minimum plasma concentrations and is recommended for treating chlamydiosis. 5 After an i.m. dose of 25 mg/kg, the plasma oxytetracycline concentration exceeded 1 g/ml for less than 1 day (Fig. 1) , suggesting that this dose reported for bone marking in sea turtle skeletochronology studies 1, 4, 20 would not confer extended protection against susceptible pathogens if administered as a presurgical prophylactic antibiotic. Initial prophylaxis could still be expected, although the efficacy of a single presurgical treatment with a short-duration antibiotic in preventing iatrogenic infection in mammals is a matter of some debate, with some studies indicating a protective effect whereas others show no effect. 32 The higher loading doses modeled for multidose administration appear likely to result in more extended protection (Fig.  2) , although the effect on incorporation of oxytetracycline during bone deposition is unknown. If bone marking is not an objective in cases where presurgical prophylactic antibiotics are considered, an antibiotic with more prolonged therapeutic plasma concentrations (e.g., ceftazidime 29 ) may be indicated. As in other species, systemic antimicrobial use should not be considered a substitute for good aseptic technique during surgery.
This study determined the pharmacokinetic parameters of oxytetracycline administered i.v. and i.m at a dose (25 mg/kg) previously used for bone marking in sea turtles. 1, 4, 20 No adverse reactions were identified at that dose. A deep compartment was identified, likely representing bone deposition, although bone deposition was not assessed directly. Additional information that would be helpful in the interpretation of oxytetracycline use in skeletochronology applications would include the determination of the minimum effective dose resulting in a detectable fluorescent band and measurement of the effects of dose and sea turtle growth rate on the width of the oxytetracycline band. Such studies would require bone biopsies or fortuitous recovery of postmortem samples. We provide sea turtle oxytetracycline dosing guidelines for use along with bacterial culture and sensitivity results when oxytetracycline is an option for antibiotic treatment, with dose simulations indicating that minimum plasma concentrations of 1 or 2 g/ml could be achieved with a loading dose of 41 mg/kg i.m. followed by 21 mg/kg i.m. q 72 hr or 82 mg/kg i.m. followed by 42 mg/kg i.m. q 72 hr, respectively.
Wildlife Conservation Commission. Animal use was reviewed and approved by the North Carolina State University Institutional Animal Care and Use Committee.
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